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OF THE ELEMENTS IN THE PERIODIC SYSTEM OF ATOMIC NUCLEIX

A.P. Znoyko
[Figures ani tsble are appended.]

(Rusaien editor's note: The material upon which A.P. Znoyko's article,
"The Periodic law of Atomic Nuclei," was based was jremented by the author in
the Academy of Sciences USSR in July 1947.)

The pexriodic law of the atomi:s nuclei, which was stated clearly in our
proviously developed (1) aystem of imotopss, permits a pomitive approach to the
discussion of chemical analogs of the elements of D.I. Mendeleyev's system on
the basis of nuclear structure. The pariodicity was based upon a characteristic
quantity, the specific nuclear chargs Z/A for nuclei of the "main" isotopes ["'Lhin"
imotopses are those that are most sbundant/. The poriods anmd structures of nuolei
in the systom of elsments were shown by the curve of Figure 3 in our first report
(1). The existence of four complete physical periods (not counting the zero :
poriod end the incomplete fifth yperiod), which determins the appearance of corres-
ponding analogs, was demonstrated. Above this figure, there were shown the
boundaries of the long physical periods of the nuclei, which were terminated by
the cuemical analogs calcium, strontium, barium, and radium, and contein, res-
pectively, 18, 18, 18, and 32 elements. The separate periods consist of atomic
nuclel which are characterized by one definite type of structure, or else the
period is divided into a mumber of sections differing in the type of nuclsar
structure. In the presert articie the curve of Figure 1, wvhich was conatruocted
for nuclei of even and odd Z's of the "main" lsotopes, 1llustrates the develop-
ment of the elementary cycles of the nucleus with reapect to the separate
physicel pericds in the sams coordinate axes Z/A - Z. The over-all drop in
specific charge 18 clearly seen. Within the limite of an Iindividual period, a
gensral atabilization cr a general drop in spacific chargs takes place for each
structure. Within the limita of esnh typs of manlesy atructure, the neriocdically
repeated rise and fall of the quantity Z/A from each even to each odd elsment 1s
shown.
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The graphs in Figures 1 and 2 show the bounderies of the periods and the & ="
beginning and emd of each type of nuclear structurs and garve as a besls for ;
" the conastruction of a periodic eystem of elements in the customary plane repre- '
sentation. Ths physical periocds of atomic nuclei in the system of slements .
end the types of muclear structure are shown in Table 1. Isotopic number anmd - :
specific uuclear charge of the "main" isotoves are given in additlon to the R
symbol. . : IR TR ) e

For the lanthanum elemsnts, specific charges wers calcu]htod’acco'fding to
" the "average isotopic mass, a procedure which, given several sbundant isotopes;,. .
depicts the center of gravity of tho systom in the best fashion. ' - R

The second period Sc, Sr, amd the third pericd Y, Ba contain two types of
nucleer structures. As seen ia Teble 1, the quantity Z/A jucreages slowly for o
each element (for even anmd odd Z's individuelly) on the section of the second _
period from Sc to Zn. Stabilization (increase) of the specific charge on thia’
gsection is explained by the fact thet the mees of the nuclei incresses from .o
GO olement to element beceuse of the formation of alphe-bonds, whils the numder
P of free neutrone remains constent (Jgyen = k. Joaa= 5). After s certain
B atabilizetion of the specific charge has besh at%ﬂned, the nuclei cen no longer
be constructed by thie principle, 1.e., by the addition of nev alpha-bords for
the given J = 4. A new mection Ga - Sr of this period apreers, on vhich the
specific charge of the main or corresponiing imotopsd decresses for all nuclei .
of even and odd Z's. The lsotopic number of the corresponding isotopic nuelsi
incresses to some nev velue, further proof of the yreviously desoribed method
of conatruction of nuclei because of the formation of alpha-bonds for j = comst.
The third period, Y - Ba, hes at first a stebilization (increase) of the spacific
nuclear charge at the transition elements, and then a decrease in the quantity
Z/A fron In to Ba.

Thus, the repeated rise and then fall of the specific charges of the main
isotopic nuclei on the corresponding sections of the system and the chenging
method of nuclear construction connected with it permit us to apeak of periods
of atomic nuclei, ending with Ce, Sr, and Ba. The fourth period begins with
la, but does not continus into the sscond structure ssction already described.
A new section of lanthanum elements emerges. The lanthanides could be placed
in one square with reapect to nucleer structure and Clark number (relative
sbundance), After the ianthanmum section, we have formation of structure ac-
cording to the principle described, with the aikmli-earth metal Ra emding

the fowrth period. Then we have the £ifth period, beginning with As and
ending with Ci.

The comnection of the separate structural sections of the nucleus with the
£111ing of the inner electronic envelope in atome of the transition elements ia
quite apparert. Tuls correspondence cannot be due to chance alome, and should
be stulied to establish general lews for the atom as a wkole.

The general lawvs of the periocdic system of the nucleus are closely linked
with the known laws governing the relative abundance of elements in nature.
The periodic lav permits us to point out a number of elements, which, by their
position in the periods, can be distinguished by their stability and structurs.
Theae olemexnts mst include Be and also T! znd Zn as oloments of evan Z's of the
beginning ard end of ths first structure of the second period. It is natural
thet the elements Ge, Sn, and Pb as the first even Z's of the naw structure (see
Tadle 1)) should be distinguishid by their nuclear stability. From these con-
siderations, 1t 1s possibls to pick oat Zr or, for axampls, Th, as begiming a
new structure.

-2 .

SECRET

GEGRET

Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270645-6




e

Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270645-6  »

sprm . 50X1-HUM

i3

It 1s possidle thut the structural periods of nucle! are not an exact re- TR I
flsction of the chemical pericds of D.I. Mendeleysv. In ths futurs, the nature : -
of the underlying similarity, which is comnsctsd with complex laws 84111 -not . . R -
completely discovered, should be revealed and clarified.

Having notsd the apparent separatlon of the system of elements inte foux
nuclear periods snd the separation of elsments into the correspording typss of
snslogs, we now comsider the develrpment of ths electronic structures in the
peviods. The electronic structure of elements of the firat nuclear psried up
to Ca develops mormally. After the helium shsll, the elsctronic shell L frem.

14 to No 1s filled by eight electrons, snd then the M ahell is also filled up

to Ar. In K end Cr, the next two electrons fill the M shell in the Ly -term. e
After Ca, however, instesd of filling the F shell by electrons of the hpsteym ~-iuilEL 00 P
in the following elements, in the interval where the nuclear charge is increaged . :
by ter unita, the inner shell M is filled by ten electrons in the 3d-term. nly i :

aftar the electron shell M has been £i1led by up to 18 slectrons does the elec- -~ '~ ) 7
tronlc ptructurs devalop ms previously (from Zn, the anslog of Mg) emd do analogs e I
of chemical pericds I erd II eppear. After eight elementa, the siructure of Sr
ia formed, after which the filling of the irmer N shell in the kg -term is
repsated.

Cumparison of the ensrgies of electrons in the 3d- end hp-terms showe the
e : changes In the atomic system which govern the 1'illing of the imner slectron
" shell M after Ca. Figwre 2 shows the variation in electron energy according
to the s, p, d, T terms of the electronic shells M, N, 0, F.

We see that an electron which £ille the atomic structures after Ca in the
3d-term has considerably leas ensrgy e. Designating the difference in oenergy
of elactrons in the terms 4p and 4o s E and the differance in energiss of '
electrons of Lp anl 3s & 6, we see that E is grea’exr than e, Thus, after Ca,
an electron having ameller potentiel energy is compensated successively by
the insrease of onme unit in the nuclear chsrge. In this case, the increese
in nuclear cherge by one unit ylelds an energy state of the nucleus that cannot
compensate the ensrgy of the Yp-electron. The electrons Fill the 3d-term,
which after ten elemsnts otabilizes the system.

Considering the nuclear periods of Sr, Ba, Ra, we ses that after each period
the atomic system entera into a state where the increase in the nuclear charge
by a unit will not permit the electronic gtructure to continue to develop ac-
cording to type I and II chemical periods. The aystem of elements develops in
the direction of the radicactive alpha-emitters, anl this conascta the structure
of elsctronic shells with the varying etability of the nucleus.

Thus we conclule that iu the system of elements the structure of the elsc-
tronic shells of ato.s is connected with the variation in structure and the
charge density Z/A of complex nuclei. This variation In charge density st
depend not only upon the number of free neutrons j, but also upon the mutual
4istridution of particles in complex nuclel as observed in the case of the
nuclosr lsnthanide arrangement vhich is accompanied by the filling of the elsc-
tronic Uf-term.
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Chemical Anmlogs of Elements of the Periodic System of Atcaic Fuclei
Periods Structure of Nucliei
I
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Chemical Analogs of Elements of the Perilodic System of Atomic Huclei (Contd)
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